In this manuscript, we describe the novel method for preparing the microcapsules containing α-tocopherol oil droplets as the first core material, calcium chloride powder as the second core material and the fine water droplets as the third core material by the interfacial condensation reaction between hydroxyl propyl methyl cellulose and tannic acid. The interfacial condensation reaction was performed between hydroxyl propyl methyl cellulose dissolved in the continuous water phase and tannic acid dissolved in the inner fine water droplets as the third core material. The calcium chloride powder as the second core material was dispersed in the α-tocopherol oil droplet as the first core material beforehand. The α-tocopherol oil containing the second and the third core materials was dispersed in the continuous water phase to form the [(S + W)/O/W] emulsion. The α-tocopherol oil as the first core material was microencapsulated satisfactorily and the contents of the second core material were increased with the concentration of stearic acid as the oil soluble stabilizer. The mechanical strength of microcapsules increased with the concentration of hydroxyl propyl methyl cellulose. Thermal energy could be released by breaking the microcapsules in water and by dissolving calcium chloride in the continuous water phase.
Introduction
Many kinds of microcapsules have been developed and utilized in the various fields such as cosmetics, food in-* Corresponding author. dustry, drugs, paintings, adhesives and so on [1] - [4] . Selection of the shell materials of microcapsules depends on the desired functions such as thermal and pH-responsibility, hydrophilicity, hydrophobicity, biodegradability and anti-solubility. It is necessary to develop the new preparation method suitable to these demands. Especially, when the microcapsules are used/utilized in the fields such as food, cosmetics and drug, the microcapsules must be prepared by using the nontoxic shell materials. Also, during microencapsulation of both hydrophobic and the hydrophilic core materials at the same time, it is necessary to develop the effective method for preparing microcapsules with the higher content of core materials. α-tocopherol being an antioxidant, reduces risk of diseases such as cardiovascular diseases, and also α-tocopherol has been used as supplement. So, if α-tocopherol could be kept safely and released at occasion demands, it will be expected that α-tocopherolcan be utilized in more fields.
W. Somchue, et al. have microencapsulated α-tocopherol with protein in order to use the microcapsules as the delivery particles [5] . Song, Y.B., et al. have tried to prepare the microcapsules containing α-tocopherol with the gellatedpectin and established the optimum preparation conditions [6] .
Furthermore, it is well known that calcium chloride is hygroscopic and has heat of dissolution of 285 kJ/kg. If heat of dissolution of calcium chloride is released gradually, its utilization can be expected. For an example, if this heat of dissolution of calcium chloride is gradually released on the face and body skin, it may be expected to keep the face and the body warm. Also, as water can dissolve different kinds of chemicals, various aqueous solutions could be microencapsulated well and the fine droplets containing the aqueous solution can be utilized as the reservoir of water and chemicals. The above stated aims may be accomplished by microencapsulating α-tocopherol, the aqueous solution and the calcium chloride powder at the same time.
Authors have developed the preparation method for microencapsulating the eucalyptus oil with the interfacial condensation reaction between hydroxyl propyl methyl cellulose and tannic acid and established the optimum preparation conditions [7] . In the microencapsulation mechanism, authors describe the importance of tannic acid to transfer from the inner water droplets to the interface through the eucalyptus oil phase and subsequent reaction with hydroxyl propyl methyl cellulose. In this study, α-tocopherol was used instead of eucalyptus oil and it was tried to microencapsulate the triple core materials and at the same time the microencapsulation mechanism is presented.
The purpose of this study is to investigate whether the α-tocopherol oil, the aqueous solution and the calcium chloride powder can be microencapsulated at the same time, and to characterize the microcapsules and to discuss the possible microencapsulation mechanism based on the result obtained.
Experimental

Materials
Materials used to prepare the microcapsules containing α-tocopherol, the fine water droplets and the solid powder of CaCl 2 were as follows. 
Shell Material
Preparation of Microcapsules
The microcapsules were prepared by modification of the reported methods [7] . Figure 1 shows the flow sheet for preparing the microcapsules containing the triple core materials together with the schematic diagrams of mi- croencapsulation process. α-tocopherol (α-oil) dissolving soybean lecithin (LC) as an oil soluble surfactant was prepared as the first core material. Tannic acid (TA) aqueous solution was dispersed in α-tocopherol (α-oil) to form the fine aqueous droplets as the second core material. Here, it is necessary for tannic acid (TA) dissolved in the inner aqueous droplets to transfer through α-tocopherol (α-oil), to react with HPMC and to form the microcapsule shell. The calcium chloride powder as the third core material was prepared by the following two methods. First, the calcium chloride powder was modified by mixing with stearic acid as an oil soluble stabilizer to provide hydrophobicity and added to α-tocopherol (α-oil) to form the (S/O) dispersion. Hereafter, this preparation method will be called the modification method. Second, the calcium chloride powder was dissolved in distilled water. This aqueous solution was added into α-tocopherol (α-oil) and stirred to form the (W/O) emulsion. Then, the (W/O) emulsion was dried under reduced pressure and 70˚C to remove the water and to form the (S/O) dispersion where finer calcium chloride powder was dispersed in α-tocopherol (α-oil) dissolving stearic acid. Hereafter, this preparation method will be called the breakdown method . It may be expected that tannic acid (TA) may transfer through α-tocopherol (α-oil) from the inner water droplets to the interface between α-tocopherol (α-oil) and the continuous water phase and react with HPMC. In this fundamental experiment, the concentrations of HPMC and stearic acid (ST) were changed. The experimental conditions are shown in Table 1 .
Characterization 2.3.1. Observation of Microcapsules
It was observed whether the microcapsules could be prepared or not as follows. Namely, after preparing the microcapsules, the (S + W)/O/W emulsion was set and observed by visual confirmation. If the microcapsules are not be prepared well, the multiple emulsion can be broken rapidly.
Then, the microcapsules were observed by optical microscope and scanning electron microscope (SEM). The shape and inner structure of microcapsule were observed from these photographs and the effects of experimental conditions on them were discussed.
Diameter Distribution
The diameter distributions and mean diameters of microcapsules were obtained directly from the photographs taken by the optical microscope. Here, the mean diameters of microcapsules are the mean Sauter diameters. 
Mechanical Strength of Microcapsules
The mechanical strength of microcapsules was measured by the hardening measurement instrument (Shimazu Seisakusho, Japan, MCT-W500).
Microencapsulation Efficiency of Calcium Chloride Powder
The microcapsules of given weight were added in distilled water of 5cc and broken by mechanical pressure to measure temperature of water in the adiabatic vessel. The temperature rise degree was compared with the calibration curve between the calcium chloride concentration and the temperature rise degree. The weight of calcium chloride microencapsulated was obtained from this result. The microencapsulation efficiency (Y) was estimated from the following Equation (1).
weight of calcium chloride microencapsulated weight of calcium chloride in feed Y = (1)
Results & Discussion
Confirmation of Microcapsule Formation
In order to confirm whether the microcapsules could be prepared or not according to the microencapsulation mechanism presented in the previous study [7] , first, the stability of (W/O)/W emulsion before and after the microencapsulation process without addition of calcium chloride powder was investigated by visual confirmation. Figure 2 shows the photographs of the (W/O)/W emulsion without and with the microencapsulation process. These photographs were taken at just after formation of the (W/O)/W emulsion, after 30 s and after 7 days, respectively. In the case of the (W/O)/W emulsion without the microencapsulation process, the (W/O)/W emulsion was formed just after emulsification, however, the (W/O)/W emulsion was broken and the phase separation occurred after 30 s as shown in Figure 2(a) . However, in the case of the (W/O)/W emulsion with the microencapsulation process, the (W/O)/W emulsion was formed just after emulsification and kept after 30 s and 7 days as shown in Figure 2(b) . Furthermore, the formation of microcapsules could be confirmed by the photograph inserted in Figure 2(b) .
Also, the optical microscopic photographs of microcapsules prepared at C HPMC = 0.05 wt% and C HPMC = 0.2 wt% were shown in Figure 3 . The microcapsules could be prepared at both the highest and the lowest concentrations of HPMC in this experiment.
From Figure 2 and Figure 3 , it was found that tannic acid (TA) transferred from the inner water droplets to the interface through α-tocopherol (α-oil) and reacted with hydroxyl propyl methyl cellulose (HPMC) and the inner aqueous droplets could be microencapsulated well as well as the eucalyptus oil [7] . Figure 4 shows the dependences of mechanical strength (S t ) and mean diameters (d p ) of microcapsules on the HPMC concentration (C HPMC ). The mechanical strength increased with the HPMC concentration and become almost constant at the HPMC concentration larger than C HPMC = 0.15 wt%. The mean diameters increased from 1200 µm at C HPMC = 0.05 wt% to 1900 µm at C HPMC = 0.2 wt%. Hereafter, the microcapsules were prepared at C HPMC = 0.2 wt% in order to microencapsulate the calcium chloride powder.
Confirmation of Formation of Microcapsules Containing Calcium Chloride Powder
In the preparation of desired microcapsules, the (S/O) dispersion was added to the (W/O) emulsion prepared beforehand to form the [(W+S)/O/W] emulsion. Figure 5 shows the optical microscopic photographs of microcapsules containing the calcium chloride powder at C HPMC = 0.2 wt% and C ST = 0.4 wt%. It was found that the microcapsules could be prepared well and were filled with the calcium chloride powder. The microcapsules are opaque because of dispersion of calcium chlo- From Figures 2-5 , the microcapsules containing α-tocopherol (α-oil) as the first core, the calcium chloride powder as the second core and the aqueous droplets as the third core could be prepared well.
Dependence of Microencapsulation Efficiency on ST Concentration and Formation Method of Calcium Chloride Powder
Microencapsulation of solid powder has been mainly performed by selecting the oil soluble surfactant species [8] [9] and by modifying the surface of solid powder due to various coupling agents [10] - [12] in order to obtain the higher content possible. Here, it was tried to investigate the effect of ST concentration and the (S/O) dispersion preparation method on the content of calcium chloride powder. In this experiment, the calcium chloride powder was modified to become hydrophobic by stearic acid beforehand (modification method) and to finer powder by breaking down the aqueous solution of calcium chloride into finer aqueous droplets and by removing water (break down method). Figure 6 shows the dependence of microencapsulation efficiency on the ST concentration for the two preparation methods. It was found that the microencapsulation efficiency for the modification method increased from 8% to 55% with the highest ST concentration. However, the microencapsulation efficiency for the breakdown method increased from 8% to ca. 98%. This result is considered to be due to the fact that calcium chloride powder become more finer and more stable in α-tocopherol (α-oil).
Rise in Temperature Due to Breakup of Microcapsules
When the calcium chloride powder is released from the microcapsules into the water phase, temperature of aqueous solution may raise due to heat of dissolution of calcium chloride. Figure 7 shows the rise in temperature of water phase by dissolving calcium chloride. In Figure 7 , temperature of the water phase where the microcapsules of a given weight were broken by the finger pressure was plotted, too. It was found that the plots of temperature of the water phase coincided with the correlation plots between temperature of the water phase and the calcium chloride concentration.
From these results, it was confirmed that temperature of the water phase could be raised by breaking the microcapsules of amount designed beforehand. Figure 8 shows the microcapsules dried under the room temperature. It was confirmed that the dried microcapsules could be safety kept within twenty days. The microcapsules can be used as the powder material containing the triple core materials.
Microencapsulation Mechanism
The microcapsules containing the triple core materials could be prepared well by the same preparation method as in the previous study. The microencapsulation mechanism may be discussed on the basis of the results obtained above. Figure 9 shows the microencapsulation mechanism. The calcium chloride powder as the second core and the fine tannic acid (TA) aqueous droplets as the third core were stabilized and dispersed well in the α-tocopherol (α-oil) droplets as the first core with the help of stearic acid (ST) and lecithin (LC), respectively as shown in Figure 9 (b). Tannic acid (TA) dissolved in the inner water droplets should transfer to the interface between α-tocopherol (α-oil) and the continuous water phase dissolving HPMC through the α-tocopherol (α-oil) phase and then, reacted with HPMC to form the gelled HPMC shell. The contents of the second and the third core can be considerably increased by decreasing the diameters of inner water droplets and calcium chloride powder and by the stabilizing effect due to the adsorption of lecithin (LC) and stearic acid (ST) on the surface of the aqueous droplets and calcium chloride powder as shown in Figure 9(b) . Accordingly, the break down method of calcium chloride powder was very useful to increase the content. Three core materials having the different physical property could be microencapsulated at the same time.
Conclusions
It was tried to prepare the microcapsules containing the triple core materials with the interfacial condensation reaction between hydroxyl propyl methyl cellulose and tannic acid. The following results were obtained.
1) The α-tocopherol oil as the first core, the aqueous droplets as the second core and calcium chloride as the third core could be microencapsulated well at the same time by the microencapsulation mechanism presented in Figure 9 . Microencapsulation mechanism. the previous study;
2) The mechanical strength of microcapsules increased with the HPMC concentration; 3) Microencapsulation efficiency of calcium chloride powder could be increased to ca. 98% with the breakdown method as the preparation method of calcium chloride powder;
4) The microcapsules were easily broken by the finger pressure and the calcium chloride powder could be released; 5) Temperature in the water phase was raised to temperature corresponding to the amount of calcium chloride microencapsulated;
6) It may be expected that the microcapsules can be utilized as the face and body cream.
